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(54) Treatment of depression by using compounds which elevate the intracellular sodium 
concentration 



(57) Hyperforin Is the nnajor lipophilic constituent of 
the naedicinal plant St. John's wort (Hypericum perfora- 
tum L.)- Extracts of Hypericum perforatum are broadly 
used for the treatment of depressive disorders and are 
unspecific inhibitors of the neuronal upVake of several 
neurotransmitters. Previous studies have shown that 
hyperforin represents the reuptalte inhibiting constitu- 
ent. 

To characterize the mechanism of serotonin re- 
uptake inhibition. Idnetik analyses in synaptosomes of 
mouse brain were performed. Michaeiis-Menten kinet- 
ics revealed that hyperforin (2m.M) induced a decrease 
in V^ax 0,1 91 ± 0,034 pM/min/mg protein to 0,083 
± 0,032 pM/min/mg protein without effecting K^,, indicat- 
ing non-competitive inhibiting properties of the sub- 
stance. Similar effects were seen on the uptake systems 
of GABA and L-glutamate. By contrast, citalopram (1 
nM), a competitive inhibitor of serotonin uptake, leads 
to an elevation of K^^ without changing ^max- Monensin 
a Na+/H+-exchanger substance showed the same prop- 
erties (V^ajj! 0,065 ± 0,009 pM/min/mg protein, K^: 
14,72 ± 3.94 nM) as hyperforin. To further compare the 
mechanism of action of hyperforin to classical antide- 



pressants like SSRI's and TCA's, the inhibition of ^H- 
paroxetine binding (a selective marker of the serotonin 
transporter) was studied. The correlation between \C^- 
values for specific ^H-paroxetine binding and for ^H-se- 
rotonin uptake inhibition was significant for many anti- 
depressants but not for hyperforin or monensin. As mo- 
nensin works by elevating free intracellular Na+ we com- 
pared the effects of hyperforin and monensin on [Na+]j- 
concentration in platelets by measuring SBFI fluores- 
cence. Both drugs elevated [Na+]j from basal levels up 
to 69,0 ± 16.1 mM (50 hyperforin) and 140.0 ± 9,1 
mM (10 \M monensin) in the highest concentration in- 
vestigated, while the SSRI citatopram at concentrations 
relevant for ^H-serotonln uptake inhibition had no effect 
atall on [Na+]j. Although the mode of action of hyperforin 
seems to be associated with elevated free intracellular 
sodium similar to monensin. the biochemical 
mechansim might be different, since maximal elevation 
of [Na+]j remained much below the extracellular concen- 
tration. Elevating [Na+l and resulting uptake inhibition 
of the biogene amines and amino acid transmitters or 
any other neurotransmitter could mean a new kind of 
method for the treatment of depressive disorders or oth- 
er psychiatric disorders. 
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Description 
Summary 

s [0001 ] Hyperf orin is tlie major lipophiiic constituent of tlie medicinal plant St. John's wort (Hypericum perforatum L.). 
Extracts of Hypericum perforatum are broadly used for the treatment of depressive disorders and are unspecific inhib- 
itors of the neuronal uptake of several neurotransmitters. Previous studies have shown that hyperforin represents the 
reuptake inhibiting constituent. 

[0002] To characterize the mechanism of serotonin reuptake inhibition, kinetik analyses in synaptosomes of mouse 

10 brain were performed. f^ichaelis-Menten kinetics revealed that hyperforin (2^M) induced a decrease in V^f rom 0.1 91 
± 0,034 pM/min/mg protein to 0,083 ± 0,032 pM/min/mg protein without effecting K„, indicating non-competitive inhib- 
iting properties of the substance. Similar effects were seen on the uptake systems of GABA and L-glutamate. By 
contrast, citalopram (1 nM), a competitive inhibitor of serotonin uptake, leads to an elevation of without changing 
Vmax- Monensin a Na+ZH-^-exchanger substance showed the same properties (Vn^a^- 0.065 ± 0,009 pl^minymg protein. 

IS K^: 1 4,72 ± 3,94 nf^) as hyperforin. To further compare the mechanism of action of hyperforin to classical antidepres- 
sants like SSRI's and TCA's, the Inhibition of ^H-paroxetlne binding (a selective marker of the serotonin transporter) 
was studied. The correlation between ICgQ-values for specific ^H-paroxetlne binding and for ^H-serotonin uptake Inhi- 
bition was significant for many antidepressants but not for hyperforin or monensin. As monensin works by elevating 
free intracellular Na+ we compared the effects of hyperforin and monensin on [Na+l|-concentration in platelets by meas- 

20 uring SBFl fluorescence. Both dmgs elevated [Na+Ji from basal levels up to 69,0 ±16,1 mM (50 |iM hyperforin) and 
140,0 + 9,1 mM (10 jxM monensin) In the highest concentration investigated, while the SSRl citalopram at concentra- 
tions relevant for ^H-serotonin uptake inhibition had no effect at all on [Na+]|, Although the mode of action of hyperforin 
seems to be associated with elevated free intracellular sodium similar to monensin, the biochemical mechansim might 
be different, since maximal elevation of [Na+]j remained much below the extracellular concentration. Elevating [Na+]| 

25 and resulting uptake inhibition of the biogene amines and amino acid transmitters or any other neurotransmitter could 
mean a new kind of method for the treatment of depressive disorders or other psychiatric disorders. 

Introduction 

30 [0003] Extracts of the medicinal plant hypericum perforatum (St. John's Wort) are broadly used in many countries 
to treat depressive disorders. Several recent reviews of controlled clinical studies with hypericum extract come to the 
conclusbn, that it represents an effective antidepressant principle superior to placebo (Votz, 1997; Linde et al., 1996; 
Wheatley, 1998; Wong et al., 1998). A favourable sfcle-effect profile is considered as the most relevant advantage. In 
agreement with the possible therapeutic potential, many recent pharmacological studies with hypericum extract also 

3S support it's antidepressant activity. The extract Inhibits the synaptosomal uptake of norepinephrine, serotonin and 
dopamine, induces p-receptor down-regulation when given subchronically to rats and Is active in a large variety of 
behavioral models indicative of antidepressant activity (Chatterjee et al., 1998; Rolli et al., 1997; Bhattacharya et al., 
1 998; Buttenweck et al., 1997), However, it's MAO-A and MAO-B inhibiting properties are probably too weak to signif- 
icantly contribute to its antidepressant activity (Cott, 14997; Muller et al., 1 997). 

40 [0004] The extract contains a large number of constituents. If one or more is responsible for the antidepressant 
properties is hot yet finally known. The original assumption (Suzuki et al., 1 984), that the naphthodianthrone derivative 
hypericin is specifically relevant by inhibiting MAO-A, has not been confirmed by several studies (Cott, 14997; MOIIer 
et al. , 1 997). Recently, the phloroglucinol derivative hyperforin became of increasing interest as it represents the major 
reuptake inhibiting component of hypericum extract (Chatterjee et al., 1998; Muller et al., 1 998). Moreover, it leads to 

45 elevated extracellular concentrations of serotonin, norepinephrine and dopamine after administration to rats (Kaehler 
et al., 1999), down -regulates p-receptors (Muller et al.. 1997). is active in several behavioral models Indicative of 
antidepressant activity (Chatterjee et al., 1998; Bhattacharya et al„ 1998). leads to specific changes of the rat and 
human EEG typical for SSRI's (Dimpfel et al., 1998; Schellenberger et al., 1998). reaches plasma levels needed to 
inhibit synaptosomal uptake of several neurotransmitters at therapeutic doses of the hypericum extract (Biber et al.. 

so 1998) and even seems to be relevant for the antidepressant activity of hypericum extract in man (Laakmann et al., 
1998). Thus, hyperforin has to be considered an important antidepressant constituent of hypericum extract. 
[0005] Contrary to all other antidepressant drugs known, hyperforin not only potently inhibits the synaptosomal uptake 
of norepinephrine, dopamine and serotonin but also the uptake of the two amino acid transmitters GABA and L-gluta- 
mate (Chatterjee et al., 1 998), This might point to a different mechanism of action, probably not associated with specific 

ss binding sites at the transporter molecules. Accordingly, we have performed several additional experiments comparing 
the molecular basis of the serotonin uptake inhibition by hyperforin with that of SSRI's like citalopram. 
[0006] It was therefore an object of this invention to develop a method of screening for drugs for the treatment of 
depressive disorders or other psychiatric disorders. In addition It was an object to develop a method of treating de- 
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pression or other psychiatric disorders. 

[0007] tt has been surprisingly found that this represents: 

- A method of treating humans to care or prevent depression or other psychiatric disorders which comprisis treating 
s human with an effective amount of a compound which is effective in elevating the intracellular concentration of Na*. 

A method for screening for a pharmaceutical compound or composition for the curative or prophylactic treatment 
of depression or other psychiatric disorders comprising increasing the ability of a compound or a composition for 
elevation the intracellular concentration of Na+. 

10 

- A method of using a compound or composition effective in elevating the intracellular concentration of Na* for the 
manufacture of a medicament for the curative or prophylactic treatment of depression or other psychiatric disorders. 

- A method, whereas the ability of elevating (increasing) the intracellular concentration of Na+ is screened in syn- 
1B aptosomal preparation and whereas the concentration of Na+ is measured with fluorescence spectroscopy and 

whereas dyes for Na^ are used. 

A method, whereas the compound or composition does not include hyperforin. 

20 - A method, whereas the free intracellular concentration of Na+ is increased by the compound or composition by 30 
to 1 20 mM for minimum above the level of the untreated cell. 

A method, whereas the compound or composition decreases the uptake of serotonin, norepinephrine, dopamine, 
GABA and/or L-giutamate. 

2S 

- A method, whereas the compound or composition Increases the uptake of Nat In cells by Na+ -channels, Na+ 
-antiporters, Na*^ -pumps or other Na+ -exchange systems. 

A method, whereas the compound or composition interacts noncompetitive with the transporters of serotonin, 
30 norepinephrine, dopamine, GABA and/or L-glutamate. 

- The use of hyperforin for the manufacture of a medicament for the curative or prophylactlve treatment of interactions 
with protozoes. 

35 - A method, whereas the dose (of the compound or composition) - response (the intracellular concentration of Na*- )- 
curve shows a maximum. 

Methods 

40 Synaptosomal uptake of serotonin 

[0008] Synaptosomal preparations from frontal cortex of female NMRI mice were used for serotonin uptake. The 
tissue was homogenized in ice cold sucrose solution (0.32 M) and diluted with 10 ml of the homogenizing medium. 
The nuclear fraction was eliminated by centrifugatlon at 750 x g for 10 min (Beckman Centrifuge, Model J2-21). The 

45 supernatant was centrifugated at 17400 x g for 20 min to obtain the crude synaptosomal pellets. This pellets were 
suspended in 11 ml Ice cold Krebs-HEPES-buffer (1 50 mM NaCi, 1 0 mM HEPES, 6.2 mM KCI, 1 .2 mM Na2HP04, 1 .2 
mM MgS04, 10 mM Glucose, 10 ^lM Pargylin, 0.1% ascorbic acid; pH 7.4 at 37°C), aliquoted In microtlter plates, 
incubated in the presence of varying concentrations of the drugs tested at S/'^C for 15 min In a shaking water bath and 
cooled on ice. The ^H-labeled tracer ( 2.9 nM serotonin) was added and the uptake started by incubation at 3TC for 

so 4 min for which time uptake Is linearly depending on time. The probes were cooled, immediately filtered through What- 
man GF/B glass fiber filters and washed three times with ice cold buffer solution with a Brandel cell han/ester. Filters 
were placed in plastic scintillation vials containing 4 ml Lumasafe scintillation cocktail (Packard). Radioactivity was 
measured after 12 hours. Nonspecltic uptake was determined in parallel probes maintained throughout on Ice or con- 
taining unlabelled serotonin (1mM serotonin). 

55 

Kinetic analyses 

[0009] The transport of ^H-serotonln into synaptosomal preparattons of the frontal cortex of mice was measured by 
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the same method mentioned above in the presence of varying concentrations of ^H-serotonin (1-30 nM). Kinetic con- 
stants tor uptake were obtained by direct weighted non-linear regression of active uptake against ^H-serotonln con- 
centration with GraphPad PRISM™. 

5 ^H'serotonin uptake in piatelets 

[0010] Blood from nomial unmedicated volunteers was anticoagulated in S-Monovettes with 1 .0 ml citrate solution 
and centrif uged for 1 5 min at 250 x g at room temperature. The upper two-thirds of the platelet rich plasma (PRP) were 
collected in a Falcon tube and centrifuged at 800 x g for 30 min at RT. The resulting pellet was resuspended in a 4-fold 

10 amount of Krebs-Henseleit phosphate buffer (KHP buffer: 6.92 g NaCI. 0.35 g KCI. 0.29 g MgS04. 0.16 g KH2PO4. 
2.1 g glucose and 1.0 g ascorbic acid per I; pH 7.4 at 37*C). Platelets were preincubated In a shaking water bath for 
15 min with the various agents prior to the addition of ^H-serotonin (2.9 nM). The incubation was continued to 2 min 
after the addition of ^H-serotonin. After this time the uptake was terminated by diluting the sampels with ice cold buffer 
and rapid filtration through Whatman GF/C glass fiber filters. The microtiter plates and the filters were washed 3 times 

IS with a Brandel cell hawester. The filters were dried and radioactivity was determined by liquid scintillation counting. 
Each point was determined in triplicate. Non-specific uptake was determined in parallel experiments containing ImM 
cold serotonin. 

^H-paroxetin9 binding assay 

20 

[0011] Female NMRI mice were sacrified by decapitation. Frontal cortex was homogenized in 40 volumes of TRIS 
buffer (50 mM TRIS HCI. 120 mM NaCI, 5 mM KCi; pH 7.4 at O^C) in a glass Potter-Elvehjem homogenizer with teflon 
pestle. The homogenate was centrifuged for 10 min at 35000 x g at 4*0. The resulting pellet was resuspended in 40 
volumes of butter and recentrif uged. The pellet was resuspended in TRIS buffer at a protein concentration of 70 ^g/ 
25 ml. Aliquots of membrane suspension were incubated with ^H-paroxetine (0.2 nM) at room temperature for 60 minutes. 
Incubation was terminated by rapid filtration through Whatman GF/B glass fiber filters with a Brandel Cell Harvester. 
Filters were routinely pretreated with 0.025 % Brij 35. The fitters were washed 7 times with ice cold buffer, dried and 
the radioactivity was measured by Iquld scintillation spectrometry Specific binding of ^H-paroxetine was defined as 
the difference between the total binding and that remaining in the presence of 10 fluoxetine. 

30 

Measuring [Na*]i with SBFI/AM (sodium binding benzofuran isophthalate acetoxymethyl ester) 

[0012] Solutions: The Na+-HEPES buffer consisted 10 mM HEPES, 1 mM MgS04, 5 mM KH2PO4. 5 mM KCI and 5 
mM Glucose (4). The pH of this buffer was adjusted to 6.5 with NH3 (for storage of piatelets) and to 7.4 for the meas- 

35 urement of fluorescence. The K+ solution was identical except for complete replacement of sodium by potassium. By 
mixing this solutions together any sodium concentration between 0 and 145 mM can be obtained. 
[001 3] Preparation of platelets and loading with SBFI/AM: Venous blood (1 0 ml) was anticoagulated by mixing it with 
1.0 ml citrate solution in a S-Monovette. The anticoagulated bbod was centrifuged at 250 x g for 15 min at room 
temperature.The upper two-thirds of the supernatant were gently removed with a plastic pasteur pipette. Platelet pellets 

40 were obtained from PRP by centif ugation at 480 x g for 30 min at room temperature. The pellet was resuspended into 
Sodium-HEPES buffer, pH 6.5 at a final concentration of 3-4 x 10^ cells/ml. Immediately before addition to the platelets. 
1 volume of SBFI/AM solution was mixed with 2 volumes of the nonionic detregent Pluronic F-127. Appropriate amounts 
of this solution were added to the platelets to yield a final concentration of SBFI/AM of 10 jiM and platelets were 
incubated with the dye for 60 min at 37*C in a shaking water bath. Thereafter, piatelets were again centrifuged at 480 

45 X g for 30 min at RT The supernatant was discarded and the platelets were taken up into sodium-HEPES buffer, pH 
6.5 at a concentration of 3-4 x 1 0^ cells/ml. The platelet suspension was then stored at RT until used for the fluorescence 
measurements. 

[0014] Measurement of SBFI/AM Fluorescence: Aliquots of platelet suspension (4 ^il) were added to 950 ^i of the 
appropriate buffer. Fluorescence was measured in quartz cuvettes using a SLM-Aminco luminescence spectrometer 
so before and after addition of the tested drugs. Sampels were excited alternately at 345 and 385 nm (bandwidth = 5 nm) 
and fluorescence was recorded at 490 nm (bandwidth = 16 nm). Fluorescence excitation ratios 345/385 nm were 
calculated. All measurements were performed without stirring at room temperature. 

[0015] Calibration of SBFI/AM fluorescence in terms of [Na+]j was performed according to the method of Harootunian 
et al. (1989). By addition of platelets to solutions of known extracellular sodium concentrations, which were made by 
ss mixing different amounts of Na+-HEPES and K+-HEPES buffer, the 345/385 nm Intensity ratio was determined before 
and 5 minutes after additbn of the ionophore gramicidin D (2 fiM final concentration). Baseline [Na^jj (mean of 15 
experiments ± SD) was about 32 mM ± 6, which is in agreement with the data by Borin and Siffert (1 990). 
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Determination of protein concentration 

[0016] Protein concentration was deternnined according to the method of Bradford (1 976) with the Bio-Rad Protein- 
assay-Kit. 

5 

Materials 

[0017] Standard laboratory chemicals were obtained from Sigma-Aldrich Chemical (Deisenhofen, Germany) or were 
a gift from Merck (Darmstadt, Germany). SBFI/AM and gramicidin D were purchased from Molecular Probes (Eugene, 
10 OR. USA). 3H-serotonln and ^H-paroxetine were obtained from NEN Life Science Products (Boston, MA. USA) and 
Pluronic F-127 and monensin from Calbiochem (Frankfurt, Germany). Citalopram was a gift from Lundbeck (Hamburg, 
Germany). Hyperforin was generously supplied by Schwabs (Karlsruhe. Germany). Fluoxetine was purchased from 
Tocris (Bristol, UK). 

IS Results 

[0018] Figure 1 (Inhibition of 3H-serotonin uptake into mouse cortex synaptosomes by hyperforin and monensin. All 
data are means + SD of six determinations) shows the concentration dependent inhibition by hyperforin of 3H-serotonin 
uptake into mouse brain synaptosomes. A monophasic effect with a Hill-coefficient of about 1 was found, which is in 

20 agreement with previous findings (MOIIer et al.. 1998, Chatterjee et al., 1998). 

[0019] Binding of 3H-paroxetine to brain membranes labels the serotonin binding site of the human and rodent se- 
rotonin transporter molecule (Gurevich and Joyce, 1996; Marcusson and Ross, 1990). This is also supported by our 
findings about a good correlation between the ICgQ-values for inhibition of ^H-paroxetine binding and for Inhibition of ^H- 
serotonin uptake (Figure 2 :The relationship between the ICgQ-values of several antidepressant drugs for inhibiting ^H- 

25 serotonin uptake into mouse cortex synaptosomes or inhibition of ^H-paroxetine binding to mouse cortex membranes 
(see also data of table 1 )). For the antidepressant drugs investigated ratios varied between 1 and 3 (Table 1 ). However, 
the inhibitory effect of hyperforin on ^H-serotonin uptake is much stronger than it's potency to inhibit ^H-paroxetine 
binding (ratio = 15) (Table 1). 



TABLE 1 



Half-maximal inhibitory concentrations (iCgo) for specific ^H-serotonln uptake and for specific ®H- 
paroxetine binding. Data are means ± SD of six experiments 


IC5o(nM) 


Substance 


3H-Paroxetlne binding 


^H-serotonln uptake 


Ratio* 


Clomipramine 


1,9 ±0,4 


1,0 ±0.1 


1.9 


Sertraline 


3,3 ±0,3 


2.1 ±1.0 


1.6 


Citalopram 


4,1 ±0,6 


1,1 ±0,2 


3,7 


Fluvoxamlne 


13.5 ±3.7 


10.9 ±5,6 


1,2 


Fluoxetine 


26,9 ±0,6 


10.4±5.1 


2.6 


Monensin 


>1000 


47,8 ±16,3 




Desipramine 


672.3 ±171.6 


21 4.3 ±89.5 


3.1 


Hyperforin 


19528 ±6983 


1357±171 


14.4 



*is IC50 ^H-Paroxetine bintfing/ICsQ ^H-serotonin uptake 



[0020] Our kinetic analyses (Table 2) indicate that hyperforin (2 jiM) decreases V^g^ of synaptosomal serotonin 
uptake from 0.1 91 ± 0.034 to 0.083 ± 0.032 pM/min/mg protein. By contrast, hyperforin has no effect on (Table 2). 
suggesting non -competitive inhibition by this substance. Similar effects were seen on the uptake systems of GABA 
and L-glutamate (data not shown). In comparision. the SSR! citalopram (1 nM) leads to an increase in without 
affecting the V„ax-value. confirming previous findings Indicative of competitive inhibltfon of ^H-serotonin uptake (Hyttel, 
1 978). Both findings do not support the assumption of a competKive binding close to the serotonin binding site of the 
transporter molecule as it is the case with most antidepressant drugs. Therefore, we investigate other parameters 
known to affect ^H-seroton in uptake. 

[0021] It is generally accepted that serotonin uptake requires external sodium (Sneddon. 1996; Bogdanski et al., 
1 979; Sneddon, 1973) and can be inhibited by the sodium ionophore monensin (Reith and O'Reilly 1 990; Izenwasser 
et al.. 1 992). The potent inhibition of synaptosomal uptake by monensin could be confirmed (Table 1 ). Moreover, mo- 
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nensin also represents a non-competitive inhibitor (Table 2) and has no affinity fnr the transporter binding site labeled 





with ^H-paroxetine (Table 1). 


TABLE 2 




5 


Kinetic analyses of the effects of citalopram, hyperforin and monensin on 3H-serotonln uptake Into mouse 
cortex synaptosomes. Data are means ± SD of six determinations. 






K„(nM) 


Vfliax (pMAnin/mg) 


10 


Control 

Citalopram (1 nM) 


12.72 ±5.01 
29,24 ± 5,25*** 


0,105 ±0.044 
0,1 06 ±0.074 




Control 

Hyperforin (2 ^M) 


11.90 ±2,07 
9.93 ±0,59* 


0,191 ±0.034 
0,083 ±0,032*** 


IS 


Control 

Monensin (100 nM) 


13,78 ±2.50 
14,72 ±3.94 


0,1 33 ±0.030 
0.065 ±0.009*** 



* indicate p < 0.05 and 

*** indicate p < 0,001 using unpaired t test 



[0022] To Investigate the possible relevance of the sodium gradient for the uptake inhibition, we examined the effect 
of monensin on the free intracellular Na+ concentration using the Na+ indicator SBFI/AM. As this method requires 
incubation at 37**C for an extended period, the experiments were performed with human platelets. Platelets have re- 
peatedly been used as a model system for the serotonin transport into neurons (Sneddon. 1 973). Comparision of 3H- 
serotonin uptake inhibition in mouse brain synaptosomes and human platelets shows comparable ICgQ-values for hy- 
perforin, monensin and several antidepressants dmgs in both systems (Table 3). 



TABLE 3 





iCso-values for Inhibition of ^H-sorotonln uptake Into mouse cortex synaptosomes or human platelets. Data 

are means ± SD of six determinations 


30 




IC5o(nM) 






Substance 


Synaptosomes 


Platelets 


3S 


Citalopram 
Clomipramin 
Hyperforin 
Monensin 


1,1 ±0.2 
1,0±0.1 
1234,6 ±112.4 
47.8 ±16,3 


1,2 ±0,5 

0,2 ±0.1 
887.0 ± 153,9 
159,5 ±40,6 



[0023] The sodium ionophore monensin has been shown to induce sodium-proton exchange across cellular mem- 
brane (Ridden et al.. 1 988; Katsuyoshi and Yoshihiko, 1 991 ; Sandeaux et a!.. 1 982). This could be confirmed for human 
platelets, where monensin elevated intracellular Na+ concentrations in a time and concentration depending fashion 
(Figure 3: Time courses of the effect of monensin and hyperforin on [Na+]i in human platelets. Data are means + SD 
of six determinations)Flgure 6: Effects of increasing concentrations of citalopram on 3H-serotonin uptake and [Na+Ji 
in human platelets. Data are means + SD of six determinations). Equilibration was obtained after 15 minutes incubation. 
Maximal effects were seen in the presence of high concentrations of monensin leading to an elevation of [Na+]i to 
extracellular level (Fig. 6). There was a close relationship between the effects of monensin on [Na+]i and on serotonin 
uptake, supporting the notion that this ionophore inhibits serotonin uptake by elevating [Na+]i (Figure 4: (top) Effects 
of increasing concentrations of monensin on ^H-serotonin uptake and [Na+]i in human platelets. Data are means + SD 
of six determinations). At about 70% inhibition of uptake, [Na+]i was elevated by about 20 mM (Figure 4 (bottom) 
Inhibition of specific ^H-serotonin uptake and increase of intracellular Na+ over baseline (A[Na+]i) in human platelets 
by monensin (500 nM)). This not only indicates similar properties for both cell systems, but also demonstrates for the 
first time the efficacy of hyperforin in a cell model expressing the human serotonin transporter. When investigated under 
similar conditions, hyperforin also increased [Na+]i in human platelets at the same concentrations needed to inhibit 
serotonin uptake (Figure 5: (top) Effects of increasing concentrations of hyperforin on ^H-serotonin uptake and [Na+]i 
in human platelets. Data are means + SD of six determinations, (bottom) Inhibition of specific ^H-serotonin uptake and 
increase of intracellular Na+ over baseline (A[Na+]i) in human platelets by hyperforin (5 \iU)). Similar to monensin. the 
effect of hyperforin was maximal within 15 min incubation (Figure 6: Effects of increasing concentrations of citalopram 
on ^H-serotonin uptake and [Na+]i in human platelets. Data are means ± SD of six determinations). In contrast to 
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monensin, hyperf orin showed a U-shaped dose-response curve. Maximal elevation of [Na+Jj by about 70 mM was seen 
at 50 \iM hyperforin. Higher concentrations of hyperforin gave smaller effects (Fig. 6). 

Discussion 

5 

[0024] Our findings using mouse brain synaptosomes and human platelets demonstrate, that hyperforin, as many 
other antidepressant drugs. Inhibits serotonin uptake In both systems with similar potencies. As far as we know, this 
is the first evidence that hyperforin is also active at the human serotonin transporter. However, the rather weak binding 
to the serotonin transporter labeled by ^H-paroxetine binding in comparision to the much stronger effect on serotonin 

10 uptake might indicate that the binding to the transporter site labeled by ^H-paroxetine is not the primary mechanism 
responsible for the uptake inhibition. The assumption is further supported by our observation of a non-competitive type 
of inhibition by hyperforin, contrary to the competitive type of inhibition seen for citalopram. Moreover, hyperforin is a 
rather non-selective synaptosomal uptake inhibitor (MQller et al.. 1998; Chatterjee et aL. 1998), which also argues 
against a specific binding site as primary mechanism of action. 

IS [0025] Thus, we speculated that hyperforin works by elevating free intracellular sodium ([Na^];). Since the sodium 
cotransport Into the cell represents the driving force of the serotonin transporter, the serotonin uptake systems is very 
sensitive for conditions leading to reduced extracellular or enhanced intracellular sodium concentrations (Sneddon, 
1996; Bogdanski. 1979). 

[0026] An already known example Is the sodium ionophore monensin, which elevates [Na+]j by promoting Na+/H+ 
20 exchange (Riddell et al., 1988; Katsuyoshi and Yoshlhiko. 1991; Sandeaux etal.. 1982). We could confirm previous 
findings that monensin dose-dependentiy inhibit ^H-serotonin uptake into brain synaptosomes (Reith and O'Reilly, 
1 990; Izenwasser et al., 1 992). Inhibition into synaptosomes is non-competitive. Similar to hyperforin, monensin inhibits 
the synaptosomal uptake of norepinephrine, dopamine, GABA and L-glutamate with ICso-values in the nanomolar 
range (unpublished obsen/ations). Thus, monensin effects on synaptosomal uptake systems show considerable sim- 
25 ilarities to the properties of hyperforin. 

[0027] It was, however, not known to which extend the inhibition of serotonin uptake by monensin is associated with 
an increase of [Na+]j. Therefore, we compared the effects of increasing concentrations of monensin on both parameters 
in human platelets, which are well characterized cell systems for both types of experiments. As expected, monensin 
at concentrations sufficient to inhibit ^H-serotonln uptake led to a pronounced increase of [Na+]j. At an Inhibition of 
30 about 75% (500 nM monensin) [Na+]i was elevated over baseline by about 25 mM [Na+]j. By contrast, citalopram at 
concentrations relevant for serotonin uptake Inhibition had no effect at all on [Na+]i in human platelets. However, the 
effect of hyperiorin was also associated with elevated [Na^]|. At a hyperforin concentration leading to about 75% uptake 
inhibition, again an elevation of [Na***]; by about 20 mM was found. 

[0028] Our findings that hyperforin leads to an elevation of [Na+]j not only explains if s effects on serotonin uptake 
3s into platelets and synaptosomes, but also explains it's rather non-selective profile on many neurotransmitter transport 
systems, which all are driven by the Na-^-grad lent across the membrane (Letser et al., 1994). While hyperforin resem- 
bles in many ways the ionophore monensin, it shows a U-shaped dose-response curve and does not elevate [Na+]j up 
to the extracellular level as monensin does. Therefore, hyperforin is not simply a sodium ionophore, but its activity is 
associated with one of the major ion exchanging mechanism. This could explain that it's effects on [Na+Jj get terminated 
40 once a certain level of [Na^]j is reached. 

[0029] Hyperiorin represents the first antidepressant drug known, which works by influencing [Na-*^];. 

Abbreviations: 

4S [0030] 



GABA 


y-aminobutyric acid 


HEPES 


4-(2-hydroxyethyl)-1 -piperazineethansulfonic acid 


PRP 


Platelet rich plasma 


SBFl/AM 


1 ,3-Benzenedicarboxylic acid, 4,4'-[1 ,4, 1 0-trioxa-7, 1 3-diazacyclopentadecan-7, 1 3-diylbis(5-methoxy- 
6,2-benzofurandiyi)]bts-. tetraammonlum salt 


SSRI 


Selective serotonin reuptake inhibitor 


SD 


Standard deviation 


TCA 


Tricyclic antidepressant 


[Na-]| 


Free intracellular sodium concentration 


TRIS 


Tris(hydroxymethyl)aminomethane 
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Claims 
[0031] 

5 1 . A method of treating humans to cure or prevent depression or other psychiatric disorders which comprisis treating 

human with an effective amount of a compound which is effective in elevating the intracellular concentration of Na+. 

2. A method for screening for a pharmaceutical compound or composition for the curative or prophylactic treatment 
of depression or other psychiatric disorders comprising increasing the ability of a compound or a composition for 

10 elevation the intracellular concentration of Na+. 

3. A method of using a compound or composition effective in elevating the intracellular concentration of Na+ for 
the manufacture of a medicament for the curative or prophylactic treatment of depresston or other psychiatric 
disorders. 

IS 

4. A method of any of the claims 1 to 3. whereas the compound or composition does not include hyperforin. 

5. A method of any of the claims 1 to 4, whereas the free intracellular concentration of Nat is increased by the 
compound or composition by 30 to 100 mM for minimum above the level of the untreated cell or to higher levels. 

20 

6. A method of any of the claims 1 to 5, whereas the compound or composition decreases the uptake of serotonin, 
norepinephrine, dopamine, GABA and/or L-glutamate or of any other neurotransmitter. 

7- A method of any of the claims 1 to 6. whereas the compound or composition increases the uptake of Na+ in 
2S cells by Na+ -channels, Na+ -antiporters, Na+ -pumps or any other Na+ -exchange systems. 

- Ceiltvpes in which intracellular Na+ concentration will be elevated: 

Protozoen cells (Plasmodium falcipamm, Plasmodium vinckei petterl and other protozoes) 

30 

Human and mammalian blood platelets 
Human and mammalian synaptosomes 
35 - Human and mammalian erythrocytes 

Human and mammalian lymphocytes 
Human and mammalian neurons 

40 

Human and mammalian glial cells 

8. A method of any of the claims 1 to 7, whereas the compound or composition interacts noncompetitive with the 
transporters of serotonin, norepinephrine, dopamine, GABA and/or L-glutamate or with any other neurotransmitter. 

9. The use of hyperforin for the manufacture of a medicament for the curative or prophylactive treatment of inter- 
actions with protozoes. 

10. A method of claim 2 whereas the ability of elevating (increasing) the intracellular concentration of Nat is 
so screened In synaptosomal preparation. 

11 . A method of claim 10 whereas the concentration of Na+ Is measured with fluorescence spectroscopy 

1 2. A method of claim 1 1 whereas dyes for Na-»- are used, 

55 

1 3. A method of claim 8 whereas the dose (of the compound or composltfon) - response (the intracellular concen- 
tration of Na-i- )- cun^e shows a maximum. 
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Claims 

1 . A method of treating humans to cure or prevent depression or other psychiatric disorders which comprisis treating 
human with an effective amount of a compound which is effective in elevating the intracellular concentration of Na+. 

IS 

2. A method for screening for a pharmaceutical compound or composition for the curative or prophylactic treatment 
of depression or other psychiatric disorders comprising increasing the ability of a compound or a composition for 
elevation the intracellular concentration of Na+. 

20 3. A method of using a compound or composition effective in elevating the intracellular concentration of Na+ for the 
manufacture of a medicament for the curative or prophylactic treatment of depression or other psychiatric disorders. 

4. A method of any of the claims 1 to 3, whereas the compound or composition does not include hyperforin. 

25 5. A method of any of the claims 1 to 4, whereas the free intracellular concentration of Na+ is increased by the 
compound or composition by 30 to 100 mM for minimum above the level of the untreated cell or to higher levels. 

6. A method of any of the claims 1 to 5, whereas the compound or composition decreases the uptake of serotonin, 
norepinephrine, dopamine, GABA and/or L-glutamate or of any other neurotransmitter. 

30 

7. A method of any of the claims 1 to 6, whereas the compound or composition increases the uptake of Na+ in cells 
by Na+ -channels. Na+ -antiporters, Na+ -pumps or any other Na+ -exchange systems. 

- Celltvpes in which intracellular Na+ concentration will be elevated: 

3S 

- Protozoen cells (Plasmodium falciparum, Plasmodium vinckei petteri and other protozoes) 
Human and mammalian blood platelets 

40 - Human and mammalian synaptosomes 

Human and mammalian erythrocytes 
Human and mammalian lymphocytes 

45 

Human and mammalian neurons 

- Human and mammalian glial cells 

50 8. A method of any of the claims 1 to 7, whereas the compound or composition interacts noncompetitive with the 
transporters of serotonin, norepinephrine, dopamine, GABA and/or L-glutanr»ate or with any other neurotransmitter. 

9. Th e use of hype rf orin for the manufacture of a medicament for the curative or prophylactive treatment of interactions 
with protozoes. 

55 

10. A method of claim 2 whereas the ability of elevating (increasing) the intracellular concentration of Na^- is screened 
in synaptosomal preparation. 
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11 . A method of claim 10 whereas the concentratton of Na+ is measured with fluorescence spectroscopy. 

12. A method of claim 11 whereas dyes for Na+ are used 

5 1 3. A method of claim 8 whereas the dose (of the compound or composition) response (the intracellular concentration 
of Na^)- cun/e shows a maximum. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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